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• Lobster fisheries in  Norway and Europe
• Rebuilding the lobster stock

– Stock enhancement
• Release protocols
• Carrying capacity
• Habitat
• Recapture
• Life in the sea
• Juvenile quality

– Marine protected areas
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Themes for lobster research in Norway



Releases 
at Kvitsøy

1990 - 1994
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Lobster fisheries in  Norway and Europe
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Fisheries statistics, latest news is that the registrated landings are perhaps only a fraction of the actual landings due to recreational fishermen, keeping the lobsters for themselves or private sales. Alf R. Kleiven estimated the landings to be 14 times higher than the official statistic shows (PhD dissemination thesis September2010)



Hatchery:
Larval rearing

Juvenile rearing
Ongrowth

Sea ranching:
Transportation

Release
Recapture

Steps in Lobster Production
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Aquaculture



Photo: Eva Farestveit, IMR

Photo: K. Jørstad, IMR

Individual rearing

Communal rearing

Juvenile rearing
Hatchery
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Test of different juvenile holding facilities: Slow growth and good survival in single-cell compartments. Much better growth and surprisingly good survival in sub-natural environment (sand and empty mussles) when fed with live food in surplus. Need for frequent sorting of size after some months. Dual growth patterns in each tank, some getting to be very large and some very small. Hence the nedd for sorting them. 
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Communal rearing

Sea cages
Single rearing

Juvenile rearing
Hatchery
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Graph shopwing the remarkable increase in forath rate in semi-natural tanks, vompared to single compartments and sea cages with no artificial feed



From leaflet by Norsk Hummer A/S

Juvenile rearing
Hatchery
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Lower left corner: the deconstructed hatchery of Kyrksæterøra, Norway, with rooms for 120 000 juveniles. The rest is the plan for the largest lobster hatchery in the world. The hartchery has been running for a few years but  the lobster production is so far very small. Late Professor Balchen at the Technological Univeristy in Trondheim, Norway initiated the plans for over 1 mill. juveniles, stacking the single-cell boxes for to be led trough a labyrint into a central feeding and cleaning area (company: Norsk Hummer AS).
One small-scale plant (not shown, but goggle their web-site) in Rogaland, Norway (company: Norway Lobster AS) produce typically 3-5 000 lobsters annually in more traditional units, although the most advanced have a circulation system which alow the lobsters to be fed automatically up to several times per hours. 



Photo and patent rights: Aegir AS

”Lobster house” to place in the sea

Juvenile rearing
Hatchery
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Sea cage constructed by the company Aegis AS for ongrowth and release of juveniles to the sea.



Construction: Andreas Gjermundsen og
Espen Eriksen, NTNU

Construction: Helge Knudsen, IMR

Juvenile rearing
Hatchery
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Tried and condemned designs for sea cages for ongrowth.



From: Beard and Wickins 1992

Release
Release procedures
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Release techniques, nothing new here.



Releases in Europe, 1970-1995

Data: Ann-Lisbeth Agnalt, IMR

Years of
Age at Tot.

CountryLocation research# Releasedrelease # Recapt.Recap.%
France Bretagne 10 2-3 weeks ? ?
IrelandAlong coast 4 2-4 weeks ? ?
France 5 ~1 year 22 0,09

10 ~1 year 653 1,3
" 10 453 2,4
" 9 ~1 year 58 1,9
" 9 ~1 year 307 1,6

Norway 9 ~1 year 5 115 4

Age at Tot.

Location research# Releasedrelease # Recapt.Recap.%
France Bretagne 10Up to 225 000 2-3 weeks ? ?
IrelandAlong coast 4 2-4 weeks ? ?
France 5 ~1 year 22 0,09

10 ~1 year 653 1,3
" 10 453 2,4
" 9 ~1 year 58 1,9
" 9 ~1 year 307 1,6

Norway

Bretagne

Wales

N. Scotland
Kvitsøy

East England

W. Scotland

9

292 000
25 480
49 128
19 233
3 044

19 520
127 945 ~1 year 5 115 6,2

CountryRegion Duration 
Years

Numbers
released

Age at
release

Recapture %

France
Ireland

France
Gr.Britt.
Gr.Britt.
Gr.Britt.
Gr.Britt. 
Norway

Weeks

Year

7 95010
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Historic overview of lobster juvenile releases in Europe. No new releases have been done in a large scale.



Recaptures, 
Kvitsøy,
Norway

Data:
Ann-Lisbeth Agnalt et al.,
IMR 2001
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Recapures of the sea-ranchuing experiemnt from 1990-2001. Note the delay for recaptures due to slow growth.
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Cumulative recaptures from 1990-1999.



Life in the sea

From video by Eva Farestveit, IMR
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Survival in the sea: competition and predators
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Seasonal predation pressure, highest in the summer season



CANO    WP3 - Lobster

Estimate carrying capacity (juvenile
density) in early stages, in releases 
with European lobster 
(enhancement/ranching)    

Ann-Lisbeth Agnalt, Eva Farestveit, K.E. Jørstad

Life in the sea

Aim:
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Latest experiments: carrying capacity for juvenile lobsters. 



Hartvig Christie,  NIVA

Life in the sea
Artificial shelters
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A recently closed test of release of juveniles to an artificial reef. Interesting observation of movement of juveniles through the first two years. The artificial reefs were not efficient.



Artificial reefs in Sweden
N. Egriell, M. Ulmestrand, J. Andersson, B. Gustafsson, T. Lundälv, C. 

Erlandsson, L. Jonsson, T. Ahsberg

Municipal authorities og Gothenburg, Swedish ship trafic authorities, GothenburgUniversity, Directorate of
Fisheries EU

Life in the sea
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Swedish results on artificial reef studies. Extremely effective way to aggregate higher density og adult lobsters. No evidence of increased recruitment



Settling traps

Life in the sea
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Settling traps, good for crustaceans, no lobsters though.



Bottom substrate

0,75 m

Photo: Astrid Woll, Møre Research

Life in the sea

Linnane et al., 2001
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The eU-funded Lear 1997-1999 project. Suction sampling of hundreds of square meters cobble ground with no lobsters found.



Liocarcinus arcuatus

Athanas nitescen

Pisidia longicornis Galathea squamifera

Crustacea
49,0 %

Cultivated lobster, 5th stageSipunculidae
1,0 %

Mollusca
7,4 %

Nemertea
1,5 %

Polychaeta
20,0 %

Pisces

1 %

Echinodermata
20,0 %

0.5 %

Other phyla

Commonly found  
crustaceans in 
Western Norwegian
cobble grounds

Life in the sea

Mercer et al. 2001; Linnane et al., 2001

Benthic
diversity
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Ypically crustaceans found in the suction samples, here from Norway



Juvenile quality

Genetics

Anatomy

Neurology

Fitness

Behaviour
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Biological studies of cultivated lobsters in Norway



Juvenile quality
Genetics

Jørstad et al., 2005

Presenter
Presentation Notes
No sign of genetic biase in cultivated lobsters



Juvenile quality
Morphology

van der Meeren &  Uksnøy 2000
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The claw shape is not as important as the claw volume in deciding inter-specific dominance dominance, but the double scissors seems to be more prone for breakage in fights.



Neurology

Juvenile quality

van der Meeren et al, in prep
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The rate of ”birth” of new cells in the olfactory part of the lobster brain is very susceptible for environmental impact.



Lobster brainBrdU-labelled lobster brain

LPZ

56 µm

Juvenile quality

van der Meeren et al, in prep

Neurology



Neurogenesis and growth 
in cultivated lobster juveniles

Juvenile quality

van der Meeren et al, in prep

Neurology
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Tested on juvenile American lobsters kept in tanks of diffreent size and without and on sandy substrate.
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Juvenile quality

van der Meeren et al, in prep

Neurology
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There was a difference between the treatments in the rate of cell production and the survival rate of the developing cells. Most cells was produced in lobsters in larger tanks, while the survival rate was higher in the lobsters in narrow tanks with substrae (unpublished data)



Fitness

Juvenile quality

Photo: Eva Farestveit, IMR

Photo: K. Jørstad, IMR

Jørstad, et al. 2009
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No difference in larvae and juveniles from wild and sea-raised culivated females, but reduced fitness in a cometitive setting for offspring from cultivated females, even if the females were raised in the wild.





Juvenile quality
Behaviour

Photo: T. van der Meeren



van der Meeren, 1991
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Juvenile quality
Behaviour
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The lobsters are sent by air planes and cars form the hatchery to the release site. They are packed in three to four layers with humid newspapers, wood saw or coarse sand in between, all cooled to 3-5 degree C by ice on the top. Survival is more than 95 % within the first 15 h.

I tested the effect of:
LP: 	Daylight + Pressure, humid conditions
DP: 	Darkness + Pressure, humid conditions
DPW: 	Darkness+Pressure+Water
D:	Darkness, no pressure, humid conditions
DW:	Darkness+Water, no pressure
LW: 	Daylight+water, no pressure
Temperature was not included, as the litterature already stated the immobilzing effect of low temperature.
Rushes in all directions occured in all lobsters that were out under pressure, only rarely in others.
Upward rushing was seen in all groups experiencing either pressure or lack of water, or both.
Immobility, which was most common reaction, appeared in all groups that was deprived of water as well as in all the groups under pressure 

It lasted for les than 15 min, when no more rushes took place, and all lobsters had started to investigate the aquarium. 

All lobster releases since has been initiated with 30 min acclimatisation to sea temperature



Direction of first move after release 

Photo: Eva Farestveit

van der Meeren, 2001. 
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Juvenile quality
Behaviour
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No naive lobster went directly for the shelter when it was present, but most often to the nearest firm object, usually the tank wall. 
Most of the experienced lobsters moved towards the shelter, either directly, or by the centre tube, halfway between the release spot and the shelter. If the shelter had been removed, they went for the centre tube, more often than the nearest wall. When nothing was offered at all, no directions was favoured. 
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Direction of first move after release

Juvenile quality
Behaviour

van der Meeren, 2001. 

Presenter
Presentation Notes
If threadened, experienced lobsters went directly for shelter by tail-flapping.

Even naive lobsters went significantly quicker into any shelter, if they were physically threatened during the first minute in the tank.

Still, training had a positive effect, and should be implemented in the rearing routines.

Without shelter, young lbsters are extremely vulnerable to predators, and predators come in manys shapes and sizes in the sea.



Marine Protected Areas
(MPA)

J.A. Knutsen, A.R. Pettersen, E. Moland, E. S.R. Enersen, 
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Theme MPA (again)



MPA
Establishing lobster reserves 
along the Coast of Skagerrak

• MPAs - of great 
international interest 
in ecosystem-based 
management and 
nature conservation. 

• How fast would a 
lobster stocks rebuild 
within a protected 
area. 
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Self explanatory



MPAs of Norway

Project started 2001.

The lobster reserves-
were based on information from local fishers- local 
management

Four lobster 
reserves 
approved 
19. Sept 2006.

A monitoring programme –
designed according to ‘Before-After-Control-Impact-Pairs’ 
(Russ 2002).
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Norwegian studies



Key questions:

1) How does a coastal population of European 
lobsters be effected by marine protected areas?

2) Is the population structure based on 
geographically isolated populations? 

MPA,
Interreg IIIA

”BORDER LOBSTER”
Carl André, Jan Atle Knutsen, Halvor Knutsen, Esben Moland Olsen, 
Svein Erik Enersen, Kate Enersen, Hanne Sannæs og Rune Johansen
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Joint Norwegian-Swedish study on lobster sub-populations (genetical and tagging study)



1. Effects on a coastal population of European lobsters 

• Acoustic tags, to look at seasonal migration and diurnal 
mobility

MPA
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Norwegian behavioural-related MPA study, Migration in and out of the MPA



Design for mobility studies

Kvernskjær

Reservation
border

Recording bouy

Lobsters

1. Effects on a coastal population of European lobsters

MPA



Positive results
A ) Mean catch-per-unit-effort 
inside reserve- and control areas 
before and after reserve 
establishment. 

B) Mean size of lobsters (total 
length) caught in reserve and 
control areas before and after 
reserve establishment. 

C) Egg size of egg bearing 
females inside-outside in reserve 
and control areas before and 
after establishment

Result presented at IMPAC II in 
Washington May 2009.
Under publication (contact: 
janak@imr.no)

MPA



Thank you!
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We will open for registration next week. Are you coming?



See you in 2011?

Gro I. van der Meeren,Alf Ring Kleven, Ann-Lisbeth Agnalt, 
Even Moland, Guldborg Søvik, 

Halvor Knutsen, Jan Helge Knutsen, Knut Jørstad

Institute of Marine Research, Norway
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